SUMMARY Data were collected prospectively on 7553 consecutive patients undergoing coronary arteriography. The studies were performed at 13 clinics of the Collaborative Study of Coronary Artery Surgery (CASS) using brachial and femoral techniques.
SELECTIVE CORONARY ARTERIOGRAPHY is a commonly performed diagnostic procedure. A comprehensive understanding of the risk of selective coronary arteriography requires a prospective, multiinstitutional evaluation of consecutive patients undergoing this procedure. Evaluation of the factors which increase the risk of arteriography necessitates knowledge of the clinical and laboratory findings in each patient studied.
The data we report were collected prospectively on consecutive patients undergoing coronary arteriography in 13 institutions as part of the Collaborative Studies in Coronary Artery Surgery (CASS), funded by the Department of Health, Education, and Welfare through the National Institutes of Health. The paiticipating institutions include university hospitals and large and medium-sized private medical centers. Enough patients were studied by the brachial and femoral artery techniques to compare the risk associated with each approach.
Methods
CASS is a large collaborative c;inical trial designed to evaluate the efficacy of coronary artery bypass surgery. Every patient who undergoes coronary arteriography for suspected coronary artery disease in one of the 15 participating clinics is a candidate for the registry and is followed at regular intervals over a 5-year period. Each patient must give informed consent before being entered into the study. Enrollment of at least 95% of eligible patients was required for inclusion of a clinic's data in the study of complications of angiography. Two of the original 15 clinics did not meet the 95% criteria and were excluded. In most clinics the compliance was 100%.
We present an analysis of the complications of the initial coronary arteriogram for all patients enrolled at 13 of the study clinics Patients were catheterized by either the brachial or femoral technique according to standard practice at each clinic. Randomized assignment to catheterization technique was not included in the study design, since these data are taken from the registry of a much larger overall study (CASS), which was designed to compare primarily surgical vs medical survival in patients with coronary artery disease.
Complications are recorded prospectively. In the computer check of each patient's forms, the date of MI or death must agree on all forms. Complications analyzed in this paper were restricted to death, nonfatal MI (defined as MI with death not occurring on the same date), and major vascular complications. Day 0 refers to complications dated the same day as angiography, but occurring during or after the procedure, and day 1 refers to complications dated the day after angiography.
Deaths are defined as related to arteriography if they occurred after the beginning of the angiographic procedure and before the end of the following day (day 1). Non-fatal MI is considered related to arteriography if it occurred after the beginning of the angiographic procedure and before the end of day 1. Deaths after MI related to arteriography are not categorized as a mortality of arteriography if death occurred after day 1. Major vascular complications include incidents of arterial dissection and/or thrombosis. Major central nervous system complications are events which resulted in a residual neurologic deficit.
Each participating clinic verified that all deaths and MI associated with arteriography during the complications study were included in the patient registry. Exceptions were two deaths at one clinic, in patients catheterized by the femoral technique, who were not included in the CASS registry because they died before giving informed consent for the entry of their clinical and historical data into the CASS registry. Both died the day after catheterization; one death occurred after coronary bypass surgery. These two patients are included in the mortality rate; however, since their registry information is not available, they are not included in the analysis of risk factors except for technique of catheterization.
In addition to the chi-square test, the primary tool we used to compare the various risk factors and complications of angiography was the relative risk as approximated by the odds ratio. Relative risk is the ratio of the complication rate in patients with the risk factor to the complication rate in patients without the risk factor. It is a measure of the association between the factor and the complication. A relative risk greater than 1 indicates that a factor is related to the incidence of a complication, while the magnitude of the relative risk provides a means of comparison among the factors. An estimate of the reliability of each relative risk is provided by the 95% confidence limit (CL), which is presented in parenthesis after the relative risk. With probability, 0.95, the true relative risk is contained in this interval. In some cases it was appropriate to adjust the relative risk for differences among the sites. This was done by the combined odds ratio method.' Age and ejection fraction (EF) were evaluated by standard methods for the analysis of variance and covariance.
Results

Description of Study Population
In the 13 participating institutions, selective coronary arteriograms were carried out on 7553 patients during the study. Average numbers of cases studied per year ranged from 166-945 (overall average 748) at the contributing centers. There was no relationship between the complications of MI or death and the number of cases studied per year. Major characteristics and risk factors of the patients are presented in table 1. The overall mortality rate was 0.20%. With probability 0.95, the true rate is 0.11-0.33%. Of the 15 patients who died, one died after left ventriculography and visualization of the left but before injection into the right coronary artery; one died after emergency surgery immediately after angiography: and three died after surgery the day after the procedure. We assumed that these patients would have died without surgical intervention and they are, therefore, included as catheterization-related deaths. None of the patients who died was moribund or in cardiogenic shock before catheterization.
All patients who died had arteriographic evidence of severe coronary artery disease. All liut one (11 of 12) of these patients had stenoses > 70% of all major arteries. Five of the patients (38%) had stenoses of the left main coronary artery (LMCA) ranging from 60-100%, while LMCA disease (stenosis > 50%) was present in only 9% of the population as a whole. Thus, five out of the 657 cases (0.76%) studied with LMCA disease died, while only eight of the 6884 cases (0.12%) without LMCA disease died. The adjusted ratio of The effect of age on the incidence of MI and death related to coronary arteriography was examined by an analysis of covariance which adjusted for the difference between men and women. For both sexes, the mean age for those who had MIs was 5 years greater and for those who died was 10 years greater than the mean age for patients in the study population. In all three groups (no complications, MI and death), men were younger than women.
Other factors we examined for their relationship to mortality were sex, presence and severity of angina pectoris, prior MI, congestive heart failure, MPVCs present on a standard resting 12-lead ECG, peripheral vascular disease, hypertension and diabetes. The factors with a statistically significant effect (p< 0.05) on mortality were MPVCs, congestive heart failure and hypertension (table 4).
The 13 institutions used both the femoral and brachial techniques of coronary arteriography. There were six deaths (0.5 1%) among the 1187 patients who were studied by the brachial technique. There were nine deaths (0.14%) among the 6328 patients studied by the femoral technique. Of the remaining 38 patients, 25 were studied by both techniques, three by other techniques and in 10 cases the technique was not reported.
The adjusted ratio of the percentage of brachial to 6 . The difference in mortality rates for the brachial and femoral procedures in clinics that performed 1-43% brachial procedures is statistically significant (p < 0.0002), while there was no difference in mortality for the two techniques in clinics which used 80% or more brachial procedures. In this analysis, the three clinics with 2% or fewer brachial procedures could be considered to be more appropriately grouped with the clinics with no brachial procedures than with the clinics with 10-43% brachial procedures. When this was done, the mortality rates changed slightly, but the significance test results were the same as with the original grouping. In both analyses the mortality rates for the femoral procedure alone in the three types of clinics did not differ significantly (p > 0.05 for chisquare test with 2 degrees of freedom).
In the clinics which used 10-43% brachial techniques there appears to be no discernible relation between the choice of technique and other risk factors. The patients' ages, EF, and the proportion of those with LMCA disease, congestive heart failure, unstable angina, MPVCs, and hypertension were evenly distributed between the two techniques at each of the three institutions. Peripheral arterial disease occurred more frequently in patients studied by the brachial approach, but peripheral arterial disease was not, as a single variable, associated with increased risk of mortality.
The use of heparin was also assessed. There were seven deaths (0.16%) among the patients who had heparin and six deaths (0.18%) among the patients who did not have heparin. The difference in mortality between the two groups was not significant (p > 0.75).
Myocardial Infarction
There were 15 non-fatal MIs which occurred on the day of the procedure and four non-fatal MIs the day after, for an overall infarction rate of 0.25% (95% CL: 0.15-0.39%). Of these cases, two subsequently died in the hospital, one of these on the day of arteriography after emergency surgery (also included as an arteriography-related death, case 11) and the other 2 days after arteriography.
All of the patients with arteriography-related MIs had significant coronary artery disease. Twelve of the 19 had stenoses greater than 70% in three major arteries. Three of the, patients had stenoses of 50%, 50% and 95% of the LMCA. The difference in EF and in incidence of LMCA disease in these patients and the rest of the study population was not statistically significant.
As noted above, the mean age of patients who had MI was approximately 5 years greater than the mean age for the study population. The risk factors assessed for their relation to mortality were also assessed for their relation to MI. The only factor with a statistically significant (p < 0.05) effect on the occurrence of MI was unstable angina. For this factor the estimated relative risk is 3.4 (95% CL: 1.3-8.6).
There were five MIs (0.42%) among the patients who were studied by the brachial technique and 14 MIs (0.22%) among the cases studied by the femoral technique. Using a chi-square test, the difference in these proportions is not statistically significant (p > 0.10). Four MIs associated with the brachial technique and 11 MIs associated with the femoral procedure occurred on day 0.
Eleven (0.26%) of the cases who received heparin had MIs, while eight (0.24%) of the cases who were not heparinized had MIs. The difference is not statistically significant (p > 0.75).
Other Complications
Embolization to the central nervous system occurred in two patients, one studied by the femoral artery and one by the brachial artery technique (table  7) . Both patients had received heparin. Including these, a total of seven patients were reported with episodes of arterial embolization, two with episodes occurring with the brachial technique and five with episodes occurring with the femoral technique. This difference is not statistically significant (p > 0.05). Heparinization did not appear to be protective, since five of these seven cases had received heparin.
Vascular injury, including arterial thrombosis requiring surgery and arterial dissection or rupture, occurred in 56 patients (0.7%). Arterial thrombosis occurred secondary to 22 brachial procedures (1.9%) and 15 femoral procedures (0.2%). This difference is statistically significant (p < 0.001). Heparinization did not reduce the risk of thrombosis for either technique. Arterial dissection or rupture occurred in 11 patients studied by the brachial technique (0.9%) and eight studied by the femoral technique (0.1%). This difference is statistically significant (p < 0.001).
Ventricular fibrillation unrelated to MI occurred during the catheterization procedure in 48 patients (0.63%). Discussion This paper presents the results of a prospective study of the complications of selective coronary arteriography from 13 institutions. Although a larger sample has been studied in some retrospective surveys, the prospective centralized data collection used in this study reduces some of the biases introduced into most retrospective studies. Complete reporting is especially important in any study of incidence rates. In this study consecutive patients who underwent arteriography for assessment of coronary artery disease were entered into the data registry. Thus, the number of complications and the total number of patients are accurately established.
Another advantage of the centralized data collection and common protocol is that historical, physical, ECG, coronary anatomy and left ventricular functional data are available on the entire patient registry to assess the prognostic value of these factors in determining the risk of arteriography. In most studies previously reported, the prevalence of these factors in the study population as a whole is often not available or not reported.
The total mortality of 0.20% through the day after arteriography is low. This value compares favorably with some earlier reports,2`6 and is similar to others.7 10 Only eight deaths occurred in the first 24 hours after arteriography (0.11%) and only one of these occurred in the laboratory. Most of the MIs complicating arteriography occurred on the day of the procedure. The rate of infarction reported in the present study is similar to that in other studies.6'9''0'1 [14] [15] [16] niques.
The present study includes 657 patients with LMCA stenosis > 50%, of whom five died (0.76%), for a relative risk due to LMCA stenosis of 6.8%. One death was related to the femoral artery technique (0.19%) and four were related to the brachial artery technique (3.51%). Despite the increased risk, this mortality rate is much lower than that reported previously by some authors,'2 13 '7 but is similar to the experience of others. [14] [15] [16] 18 LMCA stenosis > 50% was present in 9% of the patients. In other series the percentage has varied from 2.4%18 to 5.9%.16 Since the prevalence of LMCA stenosis probably is not increasing, these results may represent increased detection of LMCA stenosis through improved radiographic techniques, superior cineangiographic imaging, and use of special angulated views.1 -21 The difference may also be the result of more attention and care in reading this portion of the coronary arteriograms due to increasing recognition of the clinical and prognostic importance of LMCA stenosis. The CASS protocol excludes patients with LMCA stenosis > 70% from the randomized portion of the study. This feature of the protocol may also have focused additional attention on the detection of LMCA disease.
The increased risk of death associated with the brachial artery technique of arteriography was an unexpected finding. Prior reports had ascribed a higher risk to the femoral artery technique.,' although a more recent survey found this difference, noted in 1971, to have disappeared by 1974."1 The increased mortality associated with the brachial technique occurred only in laboratories which used both techniques of catheterization (in proportions ranging from 1-43% brachial procedures). Laboratories using both techniques had the same low complication rate for the femoral approach as that in laboratories using the femoral approach exclusively. Laboratories using primarily (> 80%) brachial artery procedures had a low rate of MI and no deaths.
Since previous reports'2 have suggested that the brachial artery technique was safer than the femoral technique, we hypothesized that in laboratories that use both procedures the patients at higher risk for death and MI were selected for studies using the brachial approach. Comparison of risk factors in the two groups showed that this was not the case. Patients who underwent the brachial and femoral procedure were comparable in every respect, with the exception of peripheral vascular disease, which in this population was not found to be a significant risk factor for death.
Of particular concern is the role of preshaped catheters used from the brachial artery as a possible cause of the higher mortality related to the brachial technique. Although the specific catheter type is not recorded on CASS forms and, therefore, this information is not available on the population as a whole, special inquiry was made concerning the catheter type used in patients who died after a brachial artery CIRCULATION 1110 procedure. In each instance, a Sones-type catheter, not a preshaped catheter, was used.
Earlier studies carried out in a sequential manner have suggested heparin was important in reducing death, MI and embolization associated with coronary arteriography. 23 No protective effect of heparinization during angiography was demonstrated in the present study, confirming the report of the second survey of Adams and Abrams." Unlike prior reports,5 '1 we found no relationship between the number of catheterizations per year in a laboratory and the rate of complications.
Conclusions 1)
In a multicenter study of consecutive patients undergoing arteriography, the mortality rate is 2/1000 and the myocardial infarction rate is 2.5/1000.
2) The brachial procedure is associated with a higher risk of death compared with the femoral technique, although this result does not hold when analysis is restricted to laboratories with 80% or more brachial procedures. The risks of myocardial infarction for the two procedures were not significantly different.
3) Prognostic factors increasing the risk of death were congestive heart failure, hypertension and MPVCs. Unstable angina increased the risk of myocardial infarction. 4) LMCA stenosis 50% and EF < 30 increase the risk of death. These factors do not increase the risk of MI.
5) Arterial embolization to the central nervous system occurred in 0.03% of patients. Vascular complications occurred more frequently with the brachial technique than with the femoral technique.
